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RECOMBINANT ANTIBODIES FROM A PHAGE DISPLAY LIBRARY. DIRECTED AGAINST A 
PEPTIDE- MHC COMPLEX 

FIELD OP INVENTION 

Specific recognition of peptide -MHC complexes by the T cell 
receptor is a key reaction in the specific immune response. 
5 Antibodies against peptide-MHC complexes would therefore be 
valuable tools in studying MHC function and T cell recogni- 
tion, and could lead to novel approaches in diagnostics and 
immunotherapy. However, it has proven difficult to generate 
antibodies or fragments of antibodies with the specificity of 
10 T cells by conventional hybridoma technology. The present 

invention relates to recombinant antibodies and fragments of 
antibodies with the antigen- specif ic, MHC- restricted specifi- 
city of T cells. 

BACKGROUND OF THE INVENTION 

15 T and B cells represent two fundamentally different recog- 
nition modes of the specific immune system. Through alter- 
nating selection processes T cells are educated to recognize 
antigenic peptides presented in association with self -mole- 
cules of the major histocompatibility complex (MHC) on the 

20 surface of antigen presenting cells. In contrast, B cells are 
not educated to be self -MHC restricted and B cell receptors 
(antibodies) , whether soluble or in membrane bound form, 
recognize three-dimensional target structures. 

The distinctly different education of B and T cells explains 
25 why antibodies with the MHC- restricted specificity of T cells 
are rarely occurring and why it has been difficult to gene- 
rate such antibodies using conventional B-cell hybridoma 
technology. Only a few and sporadic publications have report- 
ed the generation of self -MHC restricted antibodies by con- 
30 ventional means (Wylie et al . , 1982; van Leeuwen et al . , 

1979; Froscher et al . , 1986), whereas others have reported 
that their attempts have failed (Tamminen et al . , 1987; Rubin 
et al., 1989). More recently, a few ant i- peptide -MHC anti- 
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bodies have been reported (Murphy et al . , 1989; Due et al., 
1993; Aharoni et al., 1991). The molecular basis for the past 
difficulties may be found in the recently solved structures 
of peptide-MHC class I complexes (Fremont et al., 1992; 
5 Madden et al., 1993; Young et al., 1994). Peptides are deeply 
buried inside the MHC and are presented as extended mosaics 
of peptide residues intermingled with self-MHC residues 
(qp.cit.). Strikingly, no more than 100 - 300 A 2 of MHC class 
I bound peptides are facing outwards and thus available for 

10 direct recognition (Fremont et al., 1992; Young et al . , 

1994) . Self-MHC is thought to account for the majority of the 
peptide-MHC carqplex surface presented to T cells (Fremont et 
al., 1992; Davis et al., 1988). Antibodies recognizing pro- 
tein molecules engage about 800 A 2 of their ligand (reviewed 

15 in Davies et al., 1990), and antibody recognition of a pep- 
tide-MHC complex would therefore also have to be dominated by 
self-MHC. Moreover, antibodies are not selected for being 
self-MHC restricted, rather such antibody specificities might 
be deleted or silenced (Nemazee et al . , 1989) explaining why 

20 it is so difficult to raise peptide-MHC specific antibodies. 
T cells are faced with the same problem of recognizing a 
ligand dominated by self-MHC and an entire organ has been 
devoted to educating T cells. Positive and negative selection 
processes delete the vast majority of maturing thymocytes and 

25 only a small minority enters the circulation as mature non- 
auto- reactive, yet self -MHC-restricted, T cells (von Boehmer 
et al. , 1989) . 

Faced with the problem of isolating rare antibody specifici- 
ties, the selection power of the phage display technology 

30 (McCafferty et al . , 1990; Clackson et al., 1991; Barbas III 

et al., 1991; reviewed in Winter and Milstein 1991, Winter et 
al., 1994) is particularly helpful. This technology uses 
either libraries that have been enriched for the presence of 
the desired specificity through immunization procedures or 

35 libraries of such vast diversity and size that they are 

likely to contain antibody specificities for any conceivable 
epitope (Griffiths et al . , 1994). To determine whether a 
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selected immunization protocol has worked, it is important to 
note that the early immune response is dominated by anti- 
bodies generated from germline variable genes with affinities 
in the micromolar range, while increasing somatic hypermuta- 
5 tions result in affinities in the nanomolar range (Foote and 
Milstein, 1991) . Similarly phage display antibody fragments 
isolated from immunization based libraries in general have 
thousand fold higher affinities than those isolated from 
naive non- immunized libraries (Marks et al . , 1991; Bye et 
10 al., 1992; Hoogenboom and Winter, 1992). WO 95/15982 relates 
to a method for generating an antibody specific for an immu- 
norecessive epitope using the phage display technology. 

WO 91/12332 (Kourilsky et al.) discloses restricted monoclo- 
nal antibodies characterized by their ability to specifically 

15 recognize a complex consisting of a peptide which is cha- 
racteristic of a pathogenic agent antigen or a cell derange- 
ment, and a Major Histocompatibility Complex (MHC) molecule, 
the antibodies being restricted by not having the ability to 
recognize said peptide combined with a non peptide specific 

20 haplotype MHC molecule. 

DE 42 24 542 Al (Hammerling) outlines a potential method of 
producing monoclonal antibodies directed against a major 
histocompatibility complex class I molecule loaded with a 
peptide antigen which comprises (a) isolating a major histo- 

25 compatibility class I molecule; (b) inserting a gene coding 
for the major histocompatibility molecule into the genome of 
a mouse to express the gene; (c) loading the major 
histocompatibility class I molecule with the peptide; (d) 
immunizing the transformed mouse with the loaded molecule; 

30 (e) isolating spleen cells from the immunized mouse; and (f ) 
producing monoclonal antibodies against the major 
histocompatibility complex class I molecule loaded with the 
peptide by conventional means. 

Although WO 91/12332 and DE 42 24 542 Al both contemplate 
35 that it may be possible to produce restricted antibodies by 
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recombinant means, their teachings are speculative, vague and 
do not enable the person skilled in the art to produce such 
antibodies . 

SUMMARY OF THE INVENTION 

5 The present invention provides a method to generate antibody 
and antibody fragments recognizing specific, predetermined 
peptide-MHC complexes by use of the phage display technology. 
The speed and feasibility of this technique make it realistic 
to produce antibodies and fragments of antibodies to a varie- 
10 ty of specific peptide-MHC complexes which are contemplated 
to be useful in studying MHC- restricted T cell recognition 
and lead to novel approaches in diagnostics and 
immunotherapy. Furthermore, the invention encompasses recom- 
binant antigen- specif ic MHC- restricted antibodies as such. 

15 DETAILED DESCRIPTION OF THE INVENTION 

One important aspect of the invention is a method to generate 
recombinant antibody or antibody fragments recognizing a pre- 
determined peptide-MHC complex by taking advantage of the 
high selection power of the phage display technology. 

20 In its broadest aspect, the invention relates to a method of 
producing an antibody or an antibody fragment specifically 
recognizing a peptide-MHC complex, the method comprising 

(a) providing a phage library wherein at least one nucleic 
acid fragment encoding an antibody or an antibody fragment is 

25 expressed 

(b) selecting at least one phage producing an antibody or an 
antibody fragment specifically recognizing the peptide-MHC 
complex and being encoded by said expressed at least one 
nucleic acid fragment, and 



WO 97/02342 



PCT/DK96/00296 



5 

(c) introducing the at least one nucleic acid fragment encod- 
ing said antibody or antibody fragment of said phage into a 
cell and allowing said cell to produce, as an expression 
product, said antibody or antibody fragment specifically 
5 recognizing said peptide-MHC complex. 

By the term "nucleic acid" is meant a polynucleotide of high 
molecular weight which can occur as either DNA or RNA and may 
be either single -stranded or double- stranded. The nucleic 
acid fragment (s) can be obtained either from "teraphage" 
10 libraries or from antibody libraries from immunized animals 
as detailed below. 

By a teraphage library is meant a library comprising a very 
large number of human antibody gene fragments thus providing 
a high likelihood that a gene fragment encoding an antibody 

15 or antibody fragment of interest is present; examples of such 
very large libraries are described e.g. in Waterhouse, P.G. 
et al., 1993, Griffiths, A. et al., 1994. This approach will 
be very useful if treatment of individual patients with one 
or more antibodies which are specifically reacting with MHC- 

20 peptide complexes present within said patient is to be acom- 
plished since it will be possible within a reasonable time to 
generate specific antibodies directed against a preselected 
MHC-peptide complex which may be unique for said individual. 

A presently preferred embodiment of the method of producing 
25 an antibody or an antibody fragment specifically recognizing 
a peptide-MHC complex comprises the following steps: 

(a) isolating RNA from an animal which has been immunized 
with a peptide-MHC complex, 

(b) amplifying at least one nucleic acid fragment encoding an 
30 antibody or antibody fragment using the RNA isolated in step 

(a) as starting material in a reaction wherein nucleic acids 
encoding an antibody or antibody fragment are amplified and 
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producing a phage library expressing said nucleic acid frag- 
ments 

(c) selecting at least one phage producing an antibody or an 
antibody fragment specifically recognizing the peptide-MHC 

5 conqplex and being encoded by said amplif ied at least one 
nucleic acid fragment, and 

(d) introducing the at least one nucleic acid fragment encod- 
ing said antibody or antibody fragment of said phage into a 
cell and allowing said cell to produce, as an expression 

10 product, an antibody or an antibody fragment specifically 
recognizing said peptide-MHC complex. 

This approach is described in detail in the examples with 
respect to Fab fragments. The fact that pSAN13.4.1 described 
in detail in the present application was isolated from a 

15 relatively small sized library of about 10 7 genes and yet is 
highly specific with an affinity in the nanomolar range, 
strongly indicates that the mice used for immunization indeed 
responded to the Ha 255 . 262 -X k complex by generating high 
affinity antibodies. Thus, the selected immunization protocol 

20 most likely was an important factor in the generation of Fab 
14.3.1. 

It is evident for the person skilled in the art that a simi- 
lar approach as outlined in the examples or modified by use 
of the teraphage technique described in Waterhouse, G.P. et 

25 al. can be used with respect to other antibody fragments or 
entire antibodies. Although the use of the phage display 
technique is preferred, it is contemplated that recombinant 
peptide-MHC specific antibodies may also be prepared by use 
of alternative methods, e.g. single chain Fv antibody frag- 

30 ment display on plasmids (Cull et al . , 1992) or cells 
(Francisco et al . , 1993). 

In the present specification and claims, antibodies are 
glycoproteins which exhibit binding specificity to a specific 
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antigen. Antibodies are usually heterotetrameric glycopro- 
teins of about 150,000 daltons, composed of two identical 
light (L) chains and two identical heavy (H) chains. Each 
light chain is linked to a heavy chain by one covalent di- 
5 sulfide bond, while the number of disulfide linkages varies 
between the heavy chains of different immunoglobulin iso- 
types. Each heavy and light chain also has regularly spaced 
intrachain disulfide bridges. Each heavy chain has a variable 
domain <V H ) at one end followed by a number of constant 

10 domains. Each light chain has a variable domain at one end 
(V L ) and a constant domain at its other end; the constant 
domain of the light chain is aligned with the first constant 
domain of the heavy chain, and the light chain variable 
domain is aligned with the variable domain of the heavy 

15 chain. Particular amino acid residues are believed to form an 
interface between the light and heavy chain variable domains. 

The term "variable" refers to the fact that certain portions 
of the variable domains differ extensively in sequence among 
antibodies and are used in the binding and specificity of 

20 each particular antibody for its particular antigen. The 

variability is concentrated in three segments called comple- 
mentarity determining regions (CDRs) or hypervrariable regions 
both in the light chain and the heavy chain variable domains. 
The more highly conserved portions of variable domains are 

25 called the framework (FR) . The CDRs in each chain are held 
together in close proximity by the FR regions and, with the 
CDRs from the other chain, contribute to the formation of the 
antigen binding site of antibodies (see Kabat et al . , 1987). 
The constant domains are not involved directly in binding an 

30 antibody to an antigen, but exhibit various effector func- 
tions, such as participation of the antibody in antibody- 
dependent cellular toxicity. 

Papain digestion of antibodies produces two identical antigen 
binding fragments, called "Fab" fragments, each with a single 
35 antigen binding site, and a residual n Fc n fragment, whose 
name reflects its ability to crystallize readily. Pepsin 
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treatment yields an F(ab') 2 fragment that has two antigen 
combining sites and is still capable of cross -linking anti- 
gen. "Fv" is the minimum antibody fragment which contains a 
complete antigen recognition and binding site. This region 
5 consists of a dimer of one heavy and one light chain variable 
domain in tight, non-covalent association. It is in this 
configuration that the three CDRs of each variable domain 
interact to define an antigen binding site on the surface of 
the V H -V L dimer. Collectively, the six CDRs confer antigen 

10 binding specificity to the antibody. However, even a single 
variable domain (or half of an Pv comprising only three CDRs 
specific for an antigen) i.e. an scPv, has the ability to 
recognize and bind antigen, although at a lower affinity than 
the entire binding site. The Fab fragment also contains the 

15 constant domain of the light chain and the first constant 

domain (CHI) of the heavy chain. Fab' fragments differ from 
Fab fragments by the addition of a few residues at the car- 
boxy terminus of the heavy chain CHI domain including one or 
more cysteines from the antibody hinge region. F(ab') 2 anti- 

20 body fragments originally were produced as pairs of Fab' 
fragments which have hinge cysteines between them. 

The "light chains" of antibodies from any vertebrate species 
can be assigned to one of two clearly distinct types, called 
kappa (*) and lambda (X), based on the amino acid sequences 

25 of their constant domains. Depending on the amino acid se- 
quence of the constant domain of their heavy chains, anti- 
bodies can be assigned to different classes of which there 
are five major classes: IgA, IgD, IgE, IgG and IgM. Several 
of these may be further divided into subclasses (isotypes) , 

30 e.g., IgG-1, IgG-2, IgG-3, and IgG- 4; IgA-l and IgA-2. 

The term "antibody and antibody fragments" is used in the 
present specification and claims in the broadest sense and 
specifically covers single monoclonal antibodies as well as 
35 antibody fragments (e.g., Fab, Fab', F(ab') 2 , Fv and scFv) , 

as long as they specifically recognize a peptide-MHC complex. 
The invention thus relates to methods according to the inven- 
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tion wherein the antibody fragment is selected from the group 
consisting of Fab, Fab', F(ab") 2 , Fv, scFv and other antigen- 
binding subsequences of an antibody. Complexes of the anti- 
bodies or fragments of antibodies of the invention, such as 
5 IgM or IgG complexes are also within the scope of the inven- 
tion. 

The term "monoclonal antibody" as used herein refers to an 
antibody obtained from a population of substantially homo- 
geneous antibodies, i.e., the individual antibodies compris- 

10 ing the population are identical except for possible natural- 
ly occurring mutations that may be present in minor amounts. 
Monoclonal antibodies are highly specific, being directed 
against a single antigenic site. Furthermore, each monoclonal 
antibody is directed against a single determinant on the anti- 

15 gen. 

The monoclonal antibodies herein specifically include "chime- 
ric" antibodies in which a portion of the heavy and/or light 
chain is identical with or homologous to corresponding se- 
quences in antibodies derived from a particular species or 

20 belonging to a particular antibody class or subclass, while 

the remainder of the chain (s) is identical with or homologous 
to corresponding sequences in antibodies derived from another 
species or belonging to another antibody class or subclass, 
as well as fragments of such antibodies, so long as they 

25 exhibit the desired biological activity. 

"Humanized" forms of non-human (e.g., murine) antibodies are 
chimeric antibodies or fragments thereof (such as Fv, Fab, 
Fab', F(ab') 2 or other antigen-binding subsequences of anti- 
bodies, e.g. scFv) which contain minimal sequence derived 

30 from non-human antibody. For the most part, humanized anti- 
bodies are human antibodies (recepient antibody) in which 
residues from a complementary determining region (CDR) of the 
recipient are replaced by residues from a CDR of a non- human 
species (donor antibody) such as mouse, rat or rabbit having 

35 the desired specificity, affinity and capacity. In some 
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instances, Fv framework residues of the human antibody are 
replaced by corresponding non-human residues. Furthermore, a 
humanized antibody may comprise residues which are found 
neither in the recipient antibody nor in the imported CDR or 
5 framework sequences. These modifications are made to further 
refine and optimize antibody performance. In general, the 
humanized antibody will comprise substantially all of at 
least one, and typically two, variable domains, in which all 
or substantially all of the CDR regions correspond to those 

10 of a non-human antibody and all or substantially all of the 
FR regions are those of a human antibody consensus sequence. 
Optimally, the humanized antibody optimally will also com- 
prise at least one portion of an antibody constant region 
(Fc) . For further details, see Winter and Milstein, 1991, 

15 or WO 94/29451 which describes humanized antibodies and 

methods for their production, said antibodies having specifi- 
city for the epitope recognized by the murine monoclonal 
antibody L243 . 

When an antibody or a fragment of an antibody specifically 
20 recognizing a peptide-MHC complex has been produced by the 
method of the invention, the person skilled in the art will 
be able to prepare appropriate analogues of said antibody or 
antibody fragment, e.g. M humanized M antibodies comprising an 
antigen -binding subsequence prepared by the method of the 
25 invention and FR regions of e.g. a human antibody consensus 
sequence as well as at least a portion of an antibody con- 
stant region, if appropriate. As will be evident from the 
above outline of the art of production of "humanized" anti- 
bodies, the possibilities of variation are numerous and the 
30 person skilled in the art will be able to make appropriate 
choices depending on the purpose of the particular antibody. 

The human major histocompability complex (MHC) , also desig- 
nated the human leucocyte antigen (HLA) system was initially 
characterized using maternal antisera that identified pater- 
35 nal transplantation antigens expressed in the offspring. HLA 
typing was originally developed to facilitate organ and tis- 
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sue transplantation, particularly renal transplantation. Two 
classes of alleles are found, HLA class I alleles and HLA 
class II alleles. The most commonly expressed HLA genes are 
among the most polymorphic loci in the genome, with the 
5 polymorphism concentrated in the peptide binding site. 

Among the 15 detected class I genes, only three - the HLA- A, 
HLA-B and HLA-C loci - constitute the core of the socalled 
classic HLA class I genes. These genes are highly polymor- 
phic, are expressed on virtually all nucleated cells, and are 
10 known, at least in the case of HLA- A and -B, to restrict T- 
cell responses to intracellular antigens. Presently, a total 
of 125 alleles of the HLA-A, -B and -C genes have been offi- 
cially acknowledged by the WHO Nomenclature Committee for 
Factors of the HLA System. 

15 In order to be assembled with j8 2 microglobulin and trans- 
ported to and expressed on the cell surface, an HLA class I 
molecule requires the presence of peptides that bind that 
specific HLA allele. The peptides are provided by a process 
termed antigen processing. All the peptides investigated con- 

20 tain at least two "anchor positions" in which only a single 
amino acid or a few amino acids with closely related side 
chains have been detected. Invariably, one of these anchors 
was the C- terminal position. In the natural environment, the 
peptide generally has a length of 8 to 10 residues. (Madden, 
' 25 D.R. , 1995) . 

HLA class II molecules are structurally highly related to 
class I molecules; this relatedness includes the domain 
organization and probably also the antigen -binding site. 
Class II molecules are predominantly involved in the inter- 

3 0 action between specific cell types that regulate immune 

responses, among these B cells, activated T cells, dendritic 
cells, and cells of the myelomonocytoid lineage 
(macrophages) . Three isotypes, called DR, DQ, and DP, are 
distinguished among the class II proteins. Because of the 

35 strong linkage disequilibrium between DR, DQ, and often also 
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HLA-B genes, a specific DR allelle in an individual of a 
given ethnic origin will often indicate a whole set of 
DR/DQ/B alleles; the term "DR haplotype" is used to describe 
this typical set of class II (and sometimes class I) allel- 
5 les. Initial data providing insight into the nature of the 
peptides that are found to be bound to class II molecules 
suggest that they tend to be longer and less restricted than 
the peptides that bind to class I molecules, e.g. 13-17 amino 
acids. (Madden, D.R., 1995). 



10 In the present specification and claims, the term "peptide" 
comprises both short peptides with a length of at least two 
amino acid residues and at most 10 amino acid residues and 
oligopeptides (11-100 amino acid residues) as well as pro- 
teins (the functional entity comprising at least one peptide, 

15 oligopeptide, or polypeptide which may be chemically modified 
by being glycosylated, by being lipidated, or by comprising 
prosthetic groups) . The definition of peptides also includes 
native forms of peptides/proteins in animals including humans 
as well as recombinant proteins or peptides in any type of 

20 expression vectors transforming any kind of host, and also 
chemically synthesized peptides. 



The term "an MHC molecule" is explained above. The term "a 
peptide-MHC complex" means a peptide which is capable of 
binding to a particular MHC molecule thereby establishing a 
25 specific peptide-MHC complex. It will be evident from the 

above that it is possible to produce numerous different anti- 
bodies by the method of the invention by making appropriate 
variations with respect to the particular peptide and MHC 
molecule used to generate or select the antibody in question. 

30 The term "specifically recognizing a peptide-MHC complex" 

means that the antibody is capable of binding to the peptide- 
MHC complex with an equilibrium dissociation constant, K D in 
the range of 10" 7 to 10" 10 M. The equilibrium dissociation 
constant, K D , of an antibody or fragment thereof produced by 

35 the method of the invention may be determined by any appro- 
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priate method as selected by the person skilled in the art, 
e.g. by the method outlined in Example 3, wherein the kinetic 
binding analysis of pSAN 13.4.1 by use of surface plasmon 
resonance is described in detail. 

5 An important step in the method of the invention is the se- 
lection of a phage expressing an antibody or antibody frag- 
ment specifically recognizing a peptide-MHC ccaqplex. In 
presently preferred embodiments, this selection is performed 
by incubating cells expressing the peptide-MHC complex with 

10 the phage library and/or incubating the phage library with 
beads to which the peptide-MHC complex is bound. In more 
general terms, the selection is performed by panning a li- 
brary of phages expressing antibody or antibody fragments on 
alternating matrices carrying the peptide-MHC complex as the 

15 common denominator. In a preferred embodiment, the alter- 
nating matrices are cells expressing the peptide-MHC complex 
and beads to which the peptide-MHC complex is bound Alterna- 
tively, two different plastic surfaces such as iinmunotubes 
(NUNC) or latex beads may be used as matrices coated with the 

20 selected MHC/peptide complex. Further, it may be suitable 

that bound phages are eluted and amplified in a cell such as 
E. coll after each panning round and optionally analyzed by 
FACS for binding to cells expressing the MHC molecule in 
complex with said peptide. 



25 It is contemplated that one important reason for the success 
of the present approach is the selection power of the phage 
display technology for recombinant antibody generation allow- 
ing very large antibody libraries to be screened efficiently 
and within a short time. Furthermore, purified MHC molecules 

30 that had been enriched for one particular peptide were used 
in the immunization as well as the selection procedure. It 
has been calculated that about 80% of the selected MHC mol- 
ecules were loaded with the desired peptide, i.e. 0.8 mol 
specific peptide per 1 mol MHC molecule when the procedure 

35 described in the examples of the present application has been 
used. It is contemplated that this enrichment is also an 
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important factor for the success of the immunization as well 
as the subsequent pannings and thus, it may be advantageous 
to further enrich the MHC molecules e.g. up to about 90%, 
about 95% or even about 98% or about 99%. i.e. substantially 
5 100% specific peptide-MHC loading. If the immunization step 
is avoided by use of the teraphage technique, it is contem- 
plated that it is even more important for a succesful selec- 
tion procedure that purified MHC molecules which have been 
enriched for one particular peptide is used. However, it is 
10 not unlikely that beneficial results may also be obtained 
with less enrichment of selected MHC molecules with the 
desired peptide, e.g. about 20%, 30%, 50%, 66% or 75%. 

The method of the invention further comprises a step wherein 
the nucleic acids encoding am antibody or antibody fragment 

15 are introduced into an appropriate cell so as to produce an 

antibody or an antibody fragment specifically recognizing the 
desired peptide-MHC complex. The cell can be selected from 
the group consisting of a microorganism such as a bacterium, 
e.g. Escherichia coli, a yeast, a protozoan, and a cell 

20 derived from a multicellular organism such as a fungus, an 
insect cell, a plant cell, a mammalian cell or a cell line. 
Alternatively, the DNA encoding the ScFv fragment of the 
antibody could be introduced into embryonic stem cells to 
generate transgenic animals producing the antibody fragment 

25 Under control of tissue specific promoters (Logan, 1993) . 

Irrespective of the type of organism used, the DNA fragment 
comprising the nucleic acids encoding the antibody or frag- 
ment of antibody is introduced into the organism or cell 
either directly or by means of a suitable vector. The cells 
3 0 producing the desired antibodies or fragments of antibodies 
are then selected based on levels of productivity under con- 
ditions suitable for the vector and the cell. The selected 
cells are grown further and form a very important and conti- 
nuous source of the desired antibodies or antibody fragments. 
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If considered appropriate, the DNA fragment encoding an anti- 
body or antibody fragment can be cloned, and the nucleotide 
sequence determined. If desired, the person skilled in the 
art can then by using conventional techniques such as e.g. 
5 site -directed mutagenesis or random mutagenesis in the CDR- 
region prepare nucleic acids encoding novel antibodies or 
fragments thereof with the same specificity as the antibody 
having the originally determined nucleotide sequence, but 
with altered thermodynamic characteristics (k a , k d , K D etc.). 

10 The selection of these novel antibodies requires the use of a 
selection procedure essentially as outlined with respect to 
the original antibody. In a similar manner, it will be poss- 
ible to prepare genetically engineered antibodies with a 
binding specificity towards another peptide-MHC complex, if 

15 the selection procedure is appropriately amended. 

In a preferred embodiment, the invention relates to a method 
wherein the nucleic acids encoding said antibody fragment is 
encoded by the plasmid pSAN 13.4.1 which has been deposited 
on 28 June 1995 with the collection of Deutsche Sammlung von 
20 Mikroorganismen und Zellkulturen GmbH (DSM) under the acces- 
sion number DSM 10070 in accordance with the provisions of 
the Budapest Treaty. 

One important embodiment of the invention thus relates to a 
DNA fragment or an analogue or subsequence thereof encoding a 

25 restricted antibody or antibody fragment of the invention 
contained within an expression vector which is capable of 
replicating in a host organism or a cell line. The vector may 
in particular be a plasmid, a phage, a cosmid, a mini -chro- 
mosome or a virus. In an interesting embodiment of the inven- 

30 tion, the vector may be a vector which, when introduced in a 
host cell, is integrated into the host cell genome. 

In another aspect, the invention relates to an antibody or 
antibody fragment specifically recognizing a peptide-MHC com- 
plex prepared by the method of the invention. In particular, 
35 the invention encompasses a non- glycosylated antibody or anti- 
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body fragment specifically recognizing a peptide-MHC complex. 
Such an antibody or antibody fragment may be produced when 
the plasmid encoding the antibody or antibody fragment is 
expressed in E. coli. 



5 Within the scope of the invention is an antibody or antibody 
fragment according to the invention conjugated to a pharma- 
ceutical agent, such as a pharmaceutical agent selected from 
the group consisting of antibiotic, cytotoxic and 
antineoplastic agents. Alternatively, the antibody or anti- 

10 body fragment may be conjugated to a superantigen, which is 
capable of activating T lymphocytes, such as the bacterial 
superantigen staphylococcal enterotoxin A (SEA) (Dohlstein M. 
et al., 1994). Superantigenicity may be conveyed on cells 
recognized by the antibody and thereby evoke T cells to 

15 suppress tumour growth or autoimmune disease as described in 
further detail in the following. In another approach, the 
antibody or antibody fragment is conjugated to a polymerized 
carbohydrate, which is capable of activating complement and 
thereby targeting desired cells expressing the peptide-MHC 

20 complex recognized by the antibody or antibody fragment. 

For some purposes, it may be an advantage that the antibody 
is a bifunctional antibody which contains one combining site 
specifically recognizing a specific peptide-MHC complex and 
another site specifically recognizing an epitope of another 
antigen, e.g. an epitope on a cytotoxic T-cell, or a pharma- 
ceutical agent. 



25 



The bifunctional antibody may be produced by hybrids between 
two monoclonal cell lines producing the two relevant anti- 
bodies or may be produced by chemically linking fragments of 
30 the two antibodies. 

The term "combining site" is understood to mean the antigen 
recognition structure in the variable region of the antibody 
molecule. Bifunctional antibodies make possible special pro- 
cedures for detecting the peptide-MHC complex in a sample and 
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for targeting a pharmaceutical agent, a biologically active 
molecule or another antigen to the site where the reagent has 
the greatest effect. 



In an advantageous embodiment, the other antigen with which 
5 the bifunctional antibody is reactive is an effector cell 
such as a differentiation antigen of cytotoxic T- cells (cf . 
Staerz et al., 1985; van Ravenswaay- Claasen et al., 1993; 
Fanger et al., 1989). The pharmaceutical agents with which 
the hybrid antibody may be reactive is preferably selected 
10 from cytotoxic, antibiotic or antineoplastic agents (cf . 
Coller and Kaplan, 1984) . 

Clinically, new ways of manipulating T cell responses may be 
devised by the use of antibodies and fragments of antibodies 
of the invention. Intracellularly located viruses, bacteria, 

15 or parasites are normally presented by MHC class I and recog- 
nized by cytotoxic T cells rather than by antibodies. Anti- 
bodies that are specific for peptides presented in complex 
with MHC class I molecules could be conjugated to toxins and 
used to mimic T cell responses eradicating e.g. virus 

20 infected cells where T cells had failed to do so. An example 
of a disease where a such approach could be useful is HIV. 
These antibodies can also direct complement lysis against T 
cell ligands suggesting other novel approaches to 
immunotherapy . 

25 The idiotypic (antigen binding) structure of an antibody is 
antigenic and can thus give rise to specific antibodies 
directed against the idiotypic structure. The antibodies 
raised against the idiotype are called anti- idiotypic anti- 
bodies. Such antibodies may mimic the structure of the ori- 

30 ginal antigen and therefore may function as the original anti- 
gen. Such antibodies may be able to substitute the original 
antigen for a part or all of the functions, usability and 
properties. Thus, within the scope of the present invention 
is an anti -idiotypic antibody which is directed against an 

35 antibody fragment according to the inventon. 
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The antibody may also be an anti -anti -idiotypic antibody di- 
rected against an anti- idiotypic antibody which is an anti- 
body directed against the site of an antibody which is reac- 
tive with the epitope on the antigen. The anti -idiotypic anti- 
5 body may be prepared by a methods well known to the person 
skilled in the art. Also anti -anti -idiotypic antibodies which 
are directed against the anti -idiotypic antibody described 
above are within the scope of the invention. 



Thus, the invention also provides a pharmaceutical composi- 
10 tion for combatting intracellularly located pathogens 

selected from the group consisting of viruses, bacteria and 
parasites, said composition comprising an antibody or frag- 
ment according to the invention and a pharmaceutically accep- 
table excipient. The pharmaceutical compositions described 
15 above may comprise a monoclonal antibody or a mixture of 

monoclonal antibodies specifically recognizing the peptide- 
MHC complex, or a mixture of antibodies recognizing different 
peptide-MHC complexes . 

It has been found that susceptibility to a wide variety of 
20 diseases is preferentially increased in individuals of parti- 
cular HLA genotypes. There are now more than 30 diseases 
associated with HLA genotype, and more than 35 to 50 expres- 
sed genes that map in the HLA region. The HLA class I and II 
molecules function by binding antigenic peptides and present - 
25 ing them to CD8+ and CD4+ T cells, respectively. It is there- 
fore very likely that certain HLA alleles confer susceptibi- 
lity to autoimmune diseases at the molecular level by binding 
specific antigenic peptides that other alleles do not bind. 
For further information see: Fugger L. et al . , 1995. 

30 Alternatively, anti -peptide-MHC antibodies may block inappro- 
priate immune T cells responses such as those leading to auto 
immunity (Aharoni et al . , 1991). MHC being a significant risk 
factor in many autoimmune diseases indicates the existence of 
a single or a few diseases initiating self-MHC restricted 

35 autoantigen. If so, antibody fragments directed against such 
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ligands could prove powerful inhibitors of In vivo autoimmune 
T cell responses. 

The generation of blocking antibodies would require knowledge 
about the disease inducing T cell epitope and the restricting 
5 MHC molecule, requirements that may be fulfilled in the 

future (Tisch et al . , 1993; Kaufman et al., 1993; Michaelsson 
et al., 1994; Wurcherpf ennig and Strominger, 1995). 



In a further embodiment, the invention thus relates to a 
pharmaceutical composition for blocking an inappropriate T 

10 cell response comprising an antibody or antibody fragment 

according to the invention and a pharmaceutically acceptable 
excipient. In particular the invention relates to a pharma- 
ceutical composition for prevention after establishment of 
being in a high risk group of developing a malignant tumour, 

15 treatment or prevention of a relapse of a malignant tumour, 
said composition comprising an antibody or antibody fragment 
according to the invention and a pharmaceutically acceptable 
excipient. The pharmaceutical compositions may be formulated 
by methods well known within the art. 

20 Another aspect of the invention relates to a pharmaceutical 
composition for treatment or prevention of a relapse of an 
autoimmune disase, said composition comprising an antibody or 
antibody fragment according to the invention and a pharmaceu- 
tically acceptable excipient. 

25 In a further aspect, the invention relates to the use of a 

pharmaceutical composition according to the invention for the 
prevention or treatment of a disease selected from the group 
consisting of HLA class I associated diseases (ankylosing 
spondylitis, Reiter disease, psoriatic spondylitis, idio- 

30 pathic hemochromatosis, psoriasis vulgaris and Behcet dis- 
ease) and HLA class II associated diseases (rheumatoid ar- 
thritis, pauciarticular juvenile rheumatoid arthritis, sys- 
temic lupus erythematosus, Sjogren disease, IDDM, Addison 
disease, Graves disease, Hashimoto disease, celiac disease, 
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primary biliary cirrhosis, pemphigus vulgaris, epidermolysis 
bullosa acquisita, Hodgkin disease, cervical squamous cell 
carcinoma, multiple sclerosis, optic neuritis, narcolepsi, 
myasthenia gravis, Goodpasture syndrome and alopecia areata) . 
5 Furthermore, the invention relates to the use of a pharma- 
ceutical composition according to the invention for combat- 
ting intracellularly located pathogens selected from the 
group consisting of viruses, bacteria and parasites by di- 
recting complement lysis. 



10 Antibodies directed against specific peptide-MHC combinations 
may be used to detect the presence of such peptide-MHC com- 
pi exes on the surface of cells in the body. The requirements 
for the generation of peptide-MHC complexes are that the cell 
express the MHC in question and that it can generate the 

15 peptide in question. The former depends on the cell type and 
whether the cell has been stimulated with various cytokines. 
In general, all somatic cells express MHC class I , whereas a 
more restricted set of immune cells (dendritic cells, B cells 
etc) express MHC class II. As an example of stimulated MHC 

20 expression one could mention the y- interferon induced MHC 

class II expression on macrophages. The latter depends on the 
pool of proteins available to the cell and the cellular 
machinery for antigen degradation. In general, antigen pro- 
cessing generates short peptide fragments from all 

25 intracellular proteins including mutated self -proteins and 
protein antigens derived from infectious agents. Thus, the 
MHC molecule binds and presents peptides derived from all 
self and foreign protein antigens. 

The normal function of T cells is to scrutinize the identity 
30 of the peptide-MHC complexes presented by cells in the body 
for the purpose of attacking foreign combinations and ignor- 
ing self combinations. An antibody, which can recognize the 
identity of peptide-MHC complexes would be able to make the 
same self -non-self distinction. Such an antibody would have 
35 several advantages compared to T cells some of which are: 

antibodies are easier to prepare and label, they are easier 
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to transport and store, they are thought to have higher affi- 
nities allowing more sensitive and robust assay, they can be 
tested in various non- physiological buffers. With peptide-MHC 
specific antibodies it would be possible to detect the pre- 
5 sence of mutated self -proteins (eg mutated oncogenes) or pro- 
teins derived from foreign infectious agents (eg. virus) 
whether they are based intra- or extra- cellularly. In parti- 
cular, intracellularly based antigens, which normally would 
escape antibody detection, can be detected using such n T 
10 cell -like" antibodies. 

Thus, peptide-MHC specific antibodies have a diagnostic 
potential since they can identify - by way of example, but 
not limited to - tumor cells harbouring mutated oncogenes or 
infected cells harbouring virus's. Detection could be per- 

15 formed by fluoresence activated cell sorting (FACS, such as 
FACS Star from Becton Dickinson) which would allow detection, 
quantitation, characterization and purification of the cells 
of interest. The peptide-MHC specific antibodies could also 
be attached to magnetic particles for high capacity cell 

20 sorting and purification of cells of interest. For high 

sensitivity detection with the potential for high capacity 
throughput one could label peptide-MHC specific antibodies 
(eg. with biotin) and perform enzyme linked immunosorbent 
assays (ELISA's) with the antigen coupled directly to micro- 

25 titer plates or via another antibody (the latter known as a 
sandwich technique) . 

Cells from the blood or from tissue obtained through biopsies 
(live or fixed) can be tested. Recent years has established 
that MHC cam be shed by cells into the blood stream (see 

30 Puppo et al, 1995) . Concentration of soluble MHC up to 0.5 - 
25 microgram/ml has been reported. The concentration in- 
creases locally around sites of inflammation. Experiments 
have shown that these peptide-MHC complexes have retained 
their W6/32 epitope (W6/32 is a monoclonal anti-MHC class I 

35 antibody, ATCC HB95) . This epitope depends on the proper 

binding of both beta- 2 microglobulin and peptide to the MHC 
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class I. Thus, one can conclude that these soluble MHC mole- 
cules represents peptide -MHC complexes and that circulating 
soluble peptide-MHC complexes carries an imprint of the total 
intracellular protein metabolism of the body. These specif i- 
5 cities can be accessed simply by taking a blood san^)le and 
making an ELISA using peptide-MHC specific antibodies for 
detection. This will have significant diagnostic implications 
since it will allow the intracellular metabolism be assessed 
using a blood sample. 

10 

The availability of peptide- specif ic, MHC- restricted recombi- 
nant antibodies may thus be useful both scientifically an d 
clinically as they due to their soluble nature, high affinity 
and stability are well suited for detecting the presence of T 

15 cell epitopes under conditions (e.g. immunoprecipitations, 

immuno histochemistry etc.) which precludes using T cells or 
recombinant soluble T cell receptor. Thus, questions relating 
to how and where certain events occur during antigen presen- 
tation may be addressed directly, and the expression of T 

20 cell epitopes on the antigen presenting cell may be visua- 
lized and quantified. Clinically, antibodies with peptide/MHC 
specificity might be useful in diagnostics since mutations or 
intracellular infections normally reserved for T cell recog- 
nition would be available to the antibodies, too. Diagnostic 

25 kits relating to the detection of specific T cell epitopes by 
the use of antibodies (or antibody fragments) are, therefore, 
dependent on the availability of the antibodies with the spe- 
cificity described in this invention. 

The present invention provides a diagnostic composition for 
30 the detection of the presence of a peptide-MHC complex which 
comprises an antibody or antibody fragment, an anti - idiotypic 
antibody or an anti -anti- idiotypic antibody according to the 
invention. In particular, the invention relates to a diagnos- 
tic composition for the detection of an intracellularly 
35 located pathogen selected from the group consisting of 

viruses, bacteria and parasites, to a diagnostic composition 
for the detection of a malignant tumour. Various human tumour 
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antigens recognized by T- cells are known and may constitute 
useful targets for specific immunotherapy by use of the anti- 
bodies and antibody fragments of the invention. 

The invention also relates to a diagnostic con^>osition for 
5 the detection of the presence of an autoimmune disease and to 
a diagnostic composition for the asignment of individuals to 
high risk groups in relation to developing malignant tumours 
or autoimmune diseases. 

LEGEND TO FIGURES 

10 Figure 1. Phage selection by biopanning 

A library of phages expressing immunoglobulin Fab fragments 
was panned on alternating matrices carrying Ha 255 _ 262 -MHC com- 
plexes as the only common denominator. The first and third 
pannings were performed on Ha 255 . 262 loaded RMA-S'K* cells, 

15 and the second and the fourth pannings were performed on 
beads (Interfacial Dynamics, Oregon) coated with purified 
Ha 255-262~ K;k complexes. Bound phages were eluted and amplified 
in B. coli after each panning round and analyzed by FACS for 
binding to peptide loaded RMA-S cells transfected with K*. 

20 The peptides were Ha 255 _ 262 (open bars) or NP 50 _ 57 (closed 

bars). The black arrow indicates the background signal level. 
Mean fluorescence intensity = MFI. 

Figure 2. Purification and binding characteristics of Fab 
13.4.1 

25 A) Purified and reduced Fabl3.4.i was analyzed by polyacryl- 
amide-SDS gel electrophoresis followed by detection using the 
silver staining method. 

(B) FACS analysis of binding of purified Fabl3.4.1 to latex 
beads coated with Ha 255 _ 262 /K k (open circles), NP 50 _ 57 /K k 
30 (closed circles) , K k (open triangles) or Ha 255 . 262 (closed 

triangles) . Purified H-2K b molecules complexed with endogene- 
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ous peptide were also tested and showed no binding to Fab 
13.4.1 (results not shown). Coated Iiatex beads were incubated 
with increasing concentration of Fabl3.4.l and analyzed by 
FACS using FITC conjugated Rabbit anti mouse IgG (DAKO, 
5 Denmark) as detecting antibody. 

(C) Competition of binding. Latex beads coated with 
Ha 255-262/ K * were incubated with 3 nM Fabl3.4.1 and increasing 
concentrations of soluble Ha 255 _ 262 /K k complexes (open 
circles), NP 50 _ 57 /K k complexes (closed circles), K k or 
10 Ha 255 . 262 (closed triangles) followed by FACS analysis as in 
Figure 2B. 

Figure 3 . BIAcore measurements 

BIAcore sensorgrams of HA 255 _ 262 -K k and NP 50 _ 57 -K k complexes 
binding to immobilized (A) Fab 13.4.1 or (B) H100-27R55 

15 (anti-K k ) . Complexes were diluted to a concentration of 

500 nM and passed over the immobilized antibodies for three 
minutes. (C) Kinetic binding curves of HA 255 _ 262 -K k binding to 
Fab 13.4.1. Complexes were applied in increasing concentra- 
tions with a three minute association phase and a six minute 

20 dissociation phase. The actual concentrations are shown on 

the sensorgram. All binding curves are expressed as resonance 
units (RU) as a function of time. 

Figure 4. Specific inhibition of peptide -specific, MHC- 
restricted T cell responses 

25 RMA-S K k cells were incubated overnight at 26°C with sub- 
optimal doses of Ha 255 . 262 or NP 50 _ 57 . The peptide loaded 
RMA-S -K k cells were co- cultured with the Ha 255 . 262 specific T 
cell hybridomas in the presence of graded doses of Fabl3.4.i. 
As a control the NP 50 _ S7 specific T cell hybridomas were 

3 0 co- cultured in the presence (black bars) or absence (white 

bars) of the maximum dose (390 nM) of Fabl3.4.1 (insert). The 
suboptimal doses used were 6 /xM Ha 255 . 262 for presentation to 
HK8.3-6F8 (filled in circles), 0.3 /iM Ha 255 _ 262 for presen- 
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tation to HK8.3-5H3 (filled in squares), 0.3 /iM NP 50-57 for 
presentation to HK9.5-24, and 3 flM NP 50 _ 57 for presentation 
to HK9 .5-162. 

Figure 5. Panning results of epitope specific selection 

5 Complexes between purified K k and Ha 255 _ 262 (Figure 5A) or 
NP 50-57 (Figure 5B) were generated and coated to plastic 
surfaces as described in Example la. The figure illustrates 
the relative enrichment of Fab-phages with specificity to 
K k /HA 255 . 262 complexes (as opposed to K k -NP 50 _ 57 complexes) 
10 within the Fab -phage library as a result of succesive rounds 
of pannings. 

Figure 5 A shows that (in the case of the X*7Ha 255 _ 262 library) 
18 out of 20 individually selected clones after the 3rd round 
of panning bound to the antigen (K k: /Ha 255 _ 262 ) and that bind- 
15 ing was peptide specific in 16 out of these 20 clones. (That 
is, two out of the 20 clones bound to the K k /Ha 255 . 262 antigen 
in a peptide non-specific manner) . 

Figure 5B shows that (in the case of the kVnp 50 _ 57 library) 7 
out of 20 individually selected clones after the 3rd round of 
20 panning bound to the antigen (K k /NP 50 _ 57 ) and that binding was 
peptide specific in 1 out of these 20 clones. 

EXAMPLES 

METHODS : 

MHC purification: 

25 The AKR derived lymphoma, RDM- 4 , was used for K k production 
as previously described (Olsen et al . , 1994). About lxlO 10 
cells were resuspended in 100 ml of lysis buffer (PBS, 1% 
Nonidet P-40, 25 mM iodoacetamide , 1 mM PMSF (SIGMA, Cat. no. 
P-7626) , 5 mM sodium orthovanadate) and incubated for 10 mi* 

30 nutes at: ambient temperature. The lysate was cleared by cen- 
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trif ligation, stored at -80°C and thawed by incubating over- 
night at +4°C before further use. The lysate was filtered 
several times through Millipore filters (from 8 to 0.45 /z) 
and the K molecules were purified by affinity chromatography 
5 using the monoclonal anti K h antibody 11.4.1 (TIB95, obtained 
from the American Type Culture Collection, ATCC) . The affin- 
ity column was prepared by covalently coupling of 11.4.1 to 
an activated cyanogen bromide Sephadex matrix as described by 
the manufacturer (Pharmacia) . The lysate was passed over the 

10 column several times followed by extensive washing: (i) 20 
column volumes of PBS, 0.1% SDS, 0.5 % Nonidet P-40, 0.02% 
sodium azide. (ii) 20 column volumes of PBS, 0.05% Nonidet 
P-40, 0.1% sodium azide. (iii) 20 column volumes of PBS, 0.1% 
sodium azide. Bound K k molecules were eluted with five column 

15 volumes (50 ml) of eluting buffer (0.05 M diethanolamine, 

0.15 M NaCl, 0.1% sodium azide, 0.1% sodium deoxycholate, pH 
11) to elute bound material which was immediately neutralized 
with 2.5 ml of 2M Tris-HCl, 0.1% sodium azide, pH 6.3. The 
eluate were concentrated by vacuum dialysis using collodion 

20 bags (Satorius Cat. no. 13200 E) . 10 ml of PBS, 1% octyl- 
glycoside (Sigma) and 0.1% sodium azide was added when the 
eluate reached a volume of about 0.5 ml, and the vacuum dia- 
lysis continued until a final volume of 1 ml was obtained. 
The protein concentration of K k was estimated by SDS - PAGE and 

25 using the BCA assay. 

Human 02 -microglobulin was obtained from the urine of uraemic 
patients and purified to homogeneity by gel filtration and 
chromatof ocusing (Stryhn et al., 1994). 

Peptide synthesis: 

30 The influenza virus derived nucleoprotein peptide (NP 50 _ 57 , 
single letter code: SDYEGRLI) and hemagglutinin peptide 
(Ha255-262: =FESTGNLI) were synthesized manually on a RaMPS 
synthesizer (Dupont) using standard FMOC- protection strategy. 
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Generation of peptide-MHC class I complexes ; 



15 /zM detergent solubilised, affinity purified MHC class I 
molecules were incubated at 18 °C for 30-48 hours with 44 /xM 
NP 50-57 or ^255-262 peptides in the presence of 5 /xM human 
5 02 -microglobulin. The reaction mixture contained 1 mM PMSF 
(Sigma, P-7626) , 8 mM ethylenediaminetetraacetic acid (EDTA) 
(BDH, 10093), 1.2 mM 1.10 phenanthroline (Sigma, P-9375) , 
69 /zM pepstatin A (Sigma, P-4265) , 128 fiM Na-p- tosyl-L- lysine 
chloromethyl ketone (TLCK) (Sigma, T-7254) , 135 /iM Na-p- 

10 tosyl-L-phenylalanine chloromethyl ketone (TPCK) (Sigma, 

T-4376), and 1 mM N-ethylmaleimide (NEM) (Sigma, E-3876) in 
PBS (0.14 M NaCl/0.01 M sodium phosphate buffer) . The final 
detergent concentration in the reaction mixture was 0.05% 
NP-40 and the PBS was adjusted with a citrate buffer to pH 

15 5.5 assuring almost complete peptide exchange. Non-bound 
peptide was removed by Sephadex G25 spun column chromato- 
graphy as previously described (Olsen et al., 1994). 

Immo bilization of purified MHC -peptide complexes on latex 
beads: 

20 Peptide-MHC complexes were generated as described above. Spin 
column chromatography was performed using a low detergent 
concentration (0.05% Nonidet P-40 in PBS). Complexes in low 
detergent buffer were mixed with l.5xl0 7 sulphurated latex 
beads (5 (i in size, Interfacial Dynamics Corporation, Batch 

25 no. 436) and incubated overnight at +4°C with gentle shaking. 
The remaining sites on the beads were blocked with 1% bovine 
serum albumin in PBS. The beads were washed once and resus- 
pended in 1 ml of FACS buffer (1% BSA, PBS , 0.1% sodium 
azide) and used for either panning or FACS analysis. The bead 

30 preparations were stable for about one week at +4°C. 

Generation of MHC-peptide complexes on cells: 

The RMA-S.K k cell line (donated by W. Ortiz -Navarette) is im- 
paired in the processing of MHC class I molecules due to the 
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lack of peptide transporters which direct peptides from the 
cytoplasm to the endoplasmatic reticulum where endogenous 
peptide-MHC complexes are formed- By growing the cells in 
medium containing high concentration of peptide, almost full 
5 surface expression of K* can be achieved. Since this effect 
is a consequence of the peptide, most K k molecules will be 
complexed with the added peptide on the cell surface. Thus, 
peptide loaded RMA-S.K* cells only express the desired 
peptide-MHC complex on their surface. The complexes on the 
10 cell surface were formed by incubating 10 7 cells in 5 ml of 
growth media containing 0.1 mM peptide overnight at 26 °C. 
Cells were harvested by centrifugation, washed once and 
resuspended in 1 ml of growth media. 

Immunizations : 

15 Inbreed BALB/k mice were immunized i.p. with 1 Human Unit BCG 
(M. tuberculosis bovls. The State Serum Institute) . In a 
total volume of 0.5 ml, 0.5 mg of K k in complex with HA 255 _ 262 
was mixed with 1 mg of PPD (supplied by The State Serum 
Institute) in a 0.1 mM phosphate buffer (pH 7.5) containing 

20 0.05% Nonidet P-40. An equal volume of a glutaraldehyde solu- 
tion (0.2% glutaraldehyde, 0.1 mM NaHP0 4 , 0.05% Nonidet P-40, 
pH 7.5) was added, and the mixture was left for two days at 
4°C with end- over- end mixing. To this mixture was added 
12.3 ml of PBS, 6.7 ml of 6 mg/ml Al(OH) 3 , and the mixture 

25 was mixed thoroughly and used for immunization. Three weeks 
after the BCG priming, mice were immunized twice with 0.5 ml 
of the antigenic mixture. The immunizations were performed 
s.c. with two- week intervals. Spleens were collected ten days 
after the second immunization. 

30 Creation of a phage library expressing immunoglobulin fusion 
proteins: 

Total RNA was isolated from spleens of two immunized mice 
according to the method of Chirgwin et al . , 1979. First- 
strand cDNA was primed with oligo-dT n=18 using Superscript 
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Plus (Gibco BRL) reverse transcriptase in a reaction mixture 
incubated at 42 °C for one hour. Following heat inactivation 
of the transcriptase, the cDNA template was ethanol precipi- 
tated and used for primary PCR amplif ications of the VH, Fd 
5 and L- chain genes. The primers used below are described in 
detail by 0rum et al. f 1993. PCR reactions were performed in 
100 Atl volumes containing dNTP's (0.2 mM) , reaction buffer 
supplied by the manufacturer (Cetus) , primers and cDNA. VH 
reactions contained MVH 1-25 and 5 pmoles of each of the MJH 

10 1-4 primers. Fd reactions contained MVH 1-25 and 6.7 pmoles 

of each of the MCH yl, y2A and y2B primers. L- chain reactions 
contained MVK 1-25 and 20 pmoles of the MCK primer. Reaction 
mixtures were overlaid with mineral oil and kept at 94 °C for 
2 minutes. Then 1.5U of Supertaq (HT Biotechnology) or Ampli- 

15 taq (Cetus) was added and the mixtures cycled 30 times (94 °C 
1 minute, 55 °C 1 minute, 72 °C 2 minutes) followed by incuba- 
tion at 72°C for 10 minutes. The primary PCR amplif ication 
products were purified by agarose gel electrophoresis in 
combination with GeneClean (BiolOl, Inc.) procedures. 

20 Assembly of VH genes with CHI- LINK- D: 100 pi reactions con- 
tained buffer and dNTP's as above and 5 ng of purified Fd 
gene fragments, 20 ng of purified CHI- LINK- D, FabTAG . BACK 1-2 
(25 pmoles each) and 50 pmoles FabLINK . FORW . Assembly of Fd 
genes with LINK-D; 100 /xl reactions contained buffer and 

25 dNTPs as above and 5 ng of purified Fd gene fragments, 2 ng 
of purified LINK-D, FabTAG. BACK 1-2 (25 pmoles each) and 
50 pmoles of FabLINK . FORW . Assembly of L- chain genes with 
LINK-D: 100 j*l reactions contained buffer and dNTPs as above, 
5 ng of purified L- chain genes, 2 ng of purified LINK-D and 

30 50 pmoles of FabLINK. BACK and FabTAG. FOR, respectively. The 
thermocycling programme was initiated as above, cycled 25 
times (94°C 2 minutes, 55°C 1 minute, 72°C 2 minutes) and the 
assembled product was gel -purified. 

Final assembly: 100 fil reactions contained buffer and dNTPs 
35 as above and 5 ng of purified VH- CHI -LINK-D fragment or 5 ng 
of purified Fd- LINK-D fragment were mixed with 5 ng of puri- 
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fied L -chain- LINK -D fragment and 20 pmoles of ASSEMBLY - 1 
primer. The thermocycling programme was initiated as above, 
run 25 times (94°C 1# minutes, 69°C 1 minute, 72°C 2 minutes) 
and the assembled product was gel -purified. 



5 DNA fragments from final assembly reactions were digested 
with Notl using 10 U per fig of DNA at 37°C for 2 hours. 
Following phenol extractions and ethanol precipitation, the 
DNA was dissolved in SflX buffer and incubated under oil at 
50 °C for 2 hours with 10 U of enzyme per fig of DNA. The DNA 

10 was purified using GeneClean procedures and ligated to Gene- 
Clean- purified NotX and Sfil-cut pPAB5c. The 20 fil ligation 
reaction included 0.5 fig of digested vector, 0.5 fig of insert 
DNA and was incubated overnight at 15 °C with 1.5 U of T 4 - DNA 
ligase (Amersham) . The ligation mix was then purified by 

15 phenol extraction and ethanol precipitation followed by resu- 
spension in 20 fil of water. Portions of 2 fil were electropo- 
rated into B. coll TOP 10F' cells (British Biotechnology) 
using a Bio-Rad E. coll pulser set at 25 fiF, 2.5 kV and 200 
Ohms. Immediately after the pulse, one ml of freshly made SOC 

20 medium (Sambrook et al . , 1989) was added and the cells were 
shaken for one hour at 37°C. Serial dilutions were made and 
spread on LB-ampicillin plates to obtain an estimate of the 
size of the total library. The VH and L- chain gene library 
consisted of l.6xl0 7 clones and the Pd and L-chain gene 

25 library consisted of 6xl0 6 clones. Each l-ml transformation 
mixture was transferred to 40 ml of 2xTY medium containing 
100 fig/ml ampicillin, 8 /xg/ml tetracycline and 1% glucose. 
The cultures were incubated with shaking at 37°C until an 
OD 600 of 1-2 was reached. Aliquots of the libraries were made 

30 into glycerol stocks and stored at -80°C. 

Superinfection of library: 2 liter ml flasks containing 
200 ml of 2xTY, 100 fig/ml ampicillin, 8 fig/ml tetracycline 
were inoculated with 10 9 transformed cells and shaken at 3 7°C 
at 250 rpm. At an OD 600 of 0.5, helper phage, R408 (Strata - 
35 gene) was added at a multiplicity of 50 and infection pro- 
ceeded for 20 minutes at 37°C. To the cells was then added 
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isopropyl-/S-D- thiogalactopyranoside (IPTG) to a final con- 
centration of 0.1 mM, and incubation was continued overnight 
at room temperature with shaking (250 rpm) . Cells were pel- 
leted and the phage supernatant was concentrated by PEG 
5 precipitations as described in 0rum et al., 1993 and Engberg 
et al. , 1995. 



Selection of Antigen Binders by Panning: 

Panning on cells: K k transfected RMA-S cells (RMA-S"K k ) 
loaded with Ha 255 _ 262 were prepared as described above. 80 jtl 

10 of cells were mixed with 20 ^1 of phage library (about 10 11 
cfu) and incubated at ambient temperature for three hours 
with gentle shaking. Cells were washed three times with 
growth media and bound phages were eluted by treatment with 
1 mg/ml trypsin (Worthington) for one hour at 37°C. Cells 

15 were removed by centrif ugation and the supernatant trans- 
ferred to vials containing 400 fil of exponentially growing 
E. coll TOP10F' cells (British Biotechnology) with an OD 600 
of 0.8 to 1.0. The following superinfection was performed as 
described in the previous paragraph. 

20 Panning on beads: IxlO 6 Latex beads coated with purified 

Ha 255-262" Kk complexes were mixed with 20 pi of phage library 
(about 10 11 cfu) in 1% BSA, PBS buffer and incubated for 
three hours at +4°C with gentle shaking. Beads were precipi- 
tated by centrif ugation and washed three times. Bound phages 

25 were eluted after the final wash by resuspending the beads in 
100 fil of glycine elution buffer (0.1 M glycine-HCl, 0.1% 
BSA, pH 2.2) and were left for ten minutes at ambient tempe- 
rature. Beads were removed by centrif ugation and the super- 
natant neutralized by adding 8 ^1 of 2M Tris-base. The mix- 

30 ture was transferred to vials containing 400 j*l" of exponen- 
tially growing cells, and superinfection was performed as 
previously described. 
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FACS analysis: 

FACS analysis was performed to evaluate Fab-phage binding to 
peptide pulsed RMA-S.K* cells or to detect binding of Fab 
fragments to various peptide-MHC combinations immobilized on 
5 beads . 

FACS analysis using cells: 10 s EMA-S.K k cells pulsed with 
peptide were mixed with about 4xl0 9 cfu Fab phages in 100 fil 
of FACS buffer (1% bovine serum albumin (BSA) , PBS, 0.1% 
sodium azide) or with Fab 13.4.1 and incubated on ice for two 

10 hours followed by three rounds of washing with FACS buffer. 

The detecting antibody was an FITC conjugated goat -anti -phage 
or rabbit antiM13 -phage serum (both DAKO f Denmark) used in a 
1:100 dilution in FACS buffer. The samples were incubated for 
30 minutes on ice. Unbound antibodies were removed by washing 

15 and the remaining cells were resuspended in 200 /il of FACS 
buffer containing 1% formaldehyde and analyzed by FACS. 

FACS analysis using beads: Purified Fab 13.4.1 fragments in 
various concentrations were mixed with 10 s beads coated with 
peptide-MHC conplexes. After two hours incubation on ice, the 
20 beads were washed tree times followed by 30 minutes of incu- 
bation with an FITC conjugated rabbit -anti -mouse IgG serum 
(DAKO, Denmark) diluted 1:50 in FACS buffer. The samples were 
further processed as above. 

The FACS data were recorded using a FACS can {Bee ton Dickinson 
25 Immunocytometry) . Three parameters were collected for each 
analysis: (i) forward scattered light, (ii) side scattered 
light and (iii) the fluorescent emissions of fluorescein 
(515-545 nm) . A forward scatter threshold was set to exclude 
cell or bead debris. Data for 10 4 beads or cells were col- 
30 lected and analyzed using the Lysis II ™ software (Becton 
Dickinson Immunocytometry) . 
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Production and purification of soluble Fab fragments from 
selected clone: 

For the preparation of Fab fragments of pSAN 13.4.1, the Fab 
coding cassette was transferred to an expression vector which 
5 adds an HIS 6 -tag to the C- terminus of the light chain in 

place of the gene III element (Bngberg et al . , 1995). Using 
this new construct, Fab fragments were prepared as follows: 
two 2 1 flasks each containing 500 ml of 2xTY, 100 /*g/ml 
ampicillin, 8 j*g /ml tetracycline were inoculated with 10 ml 
of transformed cells and shaken at 37°C at 250 rpm. At an 
OD 600 of °-5 f IPTG was added to a final concentration of 1 mM 
and incubation was continued for four hours at room tempera- 
ture with shaking (250 rpm) . Periplasmic protein was isolated 
by resuspending the cells in 10 ml of ice-cold TES buffer 
15 (200 mM Tris-HCl, 5 mM EDTA (ethylene diamine tetra-acetic 
acid di-sodium salt di - hydrate ) , 500 mM sucrose, pH 8.0). 
After five minutes 15 ml of 1:4 TES buffer was added and the 
mixture incubated for 3 0 minutes on ice. Cellular remains 
were removed by centrif ugation and the periplasmic fraction 
20 was dialysed against 4 1 of MES buffer (10 mM 2- [N-morpho- 
lino] ethanesulphonic acid (SIGMA, Cat. no. M-82-50) , 20 mM 
NaH 2 P0 4 , pH 5.6) overnight at 4°C. The periplasmic fraction 
was passed over ABx matrix (J.T. Baker Research Products) and 
retained material eluted using a gradient of 0.5 M NaH 2 P0 4 , 
25 pH 7.0. Fab fragments were further purified by immobilized 
metal ion chromatography (IMAC) . The Fab-positive fractions 
from the ABx purification were adjusted to IMAC buffer A 
(PBS, 0.5 M NaCl) using a five times concentrated buffer 
stock and applied to a chelating Superose HR 10/2 column 
30 (Pharmacia Biosystems) which had been preloaded with 5 column 
volumes of 0.1 M CuS0 4 followed by column equilibration with 
buffer A. Bound protein was eluted using a imidazole buffer 
(IMAC buffer A, 0.5 M imidazole) gradient (0 - 0.5 M) . The 
amount of purified Fab fragments was estimated by SDS-PAGE 
35 and BCA assays. All purifications were performed on a High 
Load™ system (Pharmacia Biosystems) . 
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Generation of class I restricted mouse T cell hybrldomas and 
cytotoxic T cell assays: 

The generation and specificity of the class I restricted 
mouse T cell hybridomas, HK9.5-24 and HK9.5-162 (NP 50 _ 57 spe- 
5 cific, K k - restricted (Stryhn et al., 1994), HK8.3-5H3 and 
HK8.3-6F8 (Ha 255 _ 262 specific, K k -restricted (Stryhn et al . , 
1994) have been described. 

The K k transfected RMA-S cell line, RMA-S. K k (Stryhn et al., 
1994) was incubated overnight at 26 °C with Ha 255 _ 262 , or 

10 NP 50 _ 57 . After the incubation the cells were washed exten- 
sively and resuspended in culture media in varying concentra- 
tions of Fab 13.4.1. 10 5 T hybridoma cells were incubated 
with 10 5 loaded RMA-S. K k cells for 24 hours at 37°C in a 
total of 25 0 /il and the supernatant tested for IL-2 release 

15 according to Kappler et al., 1981. 

BIAcore analysis: 

In order to determine the concentration of complexes formed 
(i.e. active binding sites of K k ) , trace amounts of 125 i- 
labelled NP 50 _ 57 with known specific activity were added, and 

20 complex formation was determined by G-25 spun column chroma- 
tography (2). Purified Fab 13.4.1 was diluted to 20 ^ig/ml in 
10 mM acetate buffer, pH 4.5, and coupled to the dextran sur- 
face of BIAcore chips by standard amine coupling chemistry 
according to the manufacturer's recommendations (Pharmacia, 

25 Sweden) . The amount of Fab fragment coupled to the chips was 
kept just below 1000 RU. Purified and quantitated peptide/MHC 
complexes were introduced into the measuring chamber and the 
flow speed was set to 10 /il/minute to avoid interference of 
mass transport limitations with the kinetic calculations. All 

30 measurements were carried out in PBS containing 0.1% NP-40 at 
22°C. 
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T cell hybridoma stimulation, T cell receptor specificity 

An in vitro stimulation assay was used to determine the fine 
specificity of the Ha 255 _ 262 /K k specific T cell hybridomas 
(21) . RMA-K k (a K k transfected thymoma) , was used as antigen 
5 presenting cell. 1 x 10 5 RMA-K k per well were incubated with 
1 x 10 5 of the Ha 255 _ 262 specific, K k -restricted hybridomas, 
HK8.3-5H3 or HK8.3-6F8 in a 96 well microtiter plate. Graded 
concentrations of the Ha 255 _ 262 peptide, or analog substitu- 
tions hereof, were added and the cultures incubated for 24 h 

10 in RPMI 1640 supplemented with 10% FCS at 37°C in a humidified 
atmosphere containing 5% C0 2 . Supematants were harvested and 
tested for IL-2 content using 4000/well of the IL-2 dependent 
cell line, HT-2, as originally described by Kappler et al 
(26) . The concentration of peptide needed to obtain 100 

15 Units/ml IL-2 was determined. 

Specificity of the recombinant pSAN 13.4.1 antibody 

Specific Ha 255 _ 262 -K k complexes were generated, purified, and 
coated at a suboptimal concentration of 10 pg (10 nM) per 
well onto Maxisorp (Nunc, Denmark) 96 -well flat-bottom micro- 

20 titer plates. The plates were subsequently blocked in 2% 

skimmed milk in PBS buffer and then exposed to pSAN 13.4.1 
expressed as a fusion protein at the end of pill of the fila- 
mentous phage. The plates were washed, exposed to HRP coupled 
anti phage antibodies (Pharmacia, Uppsala) , washed, developed 

25 and read in an ELISA reader at 490 nM. To determine the fine 
specificity of pSAN 13.4.1, graded concentrations of analog- 
K k complexes (generated with 450 /zM analog to effect K k - 
saturation) were added as competitors prior to addition of 
pSAN 13.4.1 phages. The concentration of competitor complex 

30 needed to effect 50% inhibition (the IC 50 ) was determined. 

The lower the IC 50 the stronger the binding of the pSAN13.4.1 
to the analog- K k complex. 
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EXAMPLE 1 

Generation and selection of peptide* specif ic MHC restricted 
antibodies 

Complexes between purified mouse MHC class I, K k , and the 
5 K k - restricted Influenza virus derived peptides , Haemaglutinin 
(Ha 255-262> were generated as described in the Methods sec- 
tion. For immunization purposes Purified Protein derived Pep- 
tide of Tuberculin (PPD) was coupled to the purified com- 
plexes and used to immunize Bacille-Calmette-Guerin (BCG) 
10 primed H-2 k (BALB/k) mice which are largely tolerant to K k as 
a B cell immunogen, but highly reactive to PPD as a T cell 
immunogen . 

Syngenic animals were chosen to favour the generation of an 
antibody response directed against self -MHC restricted epito- 

15 pes and the BCG- PPD immunization regime originally described 
by Lachmann et al . , 1978, was chosen for its efficiency . 
Total spleen mRNA was isolated 10 days after the immunization 
and reverse transcribed to cDNA. Specific sets of degenerate 
primers were used to PCR amplify the cDNA segments corre- 

20 sponding to the immunoglobulin Fab fragments and the frag- 
ments were subsequently cloned into the pFabSc vector (0rum 
et al., 1993) and expressed in fusion with the minor viral 
coat protein pill of the filamentous bacteriophage. The 
initial library consisted of 2xl0 7 phages which were sub- 

25 jected to panning procedures followed by elution of bound 
phages and reamplif ication in E. coll. To enhance the effi- 
ciency of the selection procedure phages were panned on K k 
transfected RMA-S cells (RMA-S -K k ) pulsed with Ha 255 _ 262 , 
alternating with panning on Latex beads coated with purified 

30 homogeneous Ha 255 , 262 -K k complexes. The purpose of the panning 
strategy was to change the matrix for every other panning 
round while maintaining a common selecting epitope, in casu 
Ha 255-262~ Kk - Reamplif ied phages from each round of selection 
were adjusted to 2xl0 10 cfu/ml and tested for binding to 

35 Ha 255 . 262 or NP 50 _ 57 pulsed RMA-S K k cells by FACS analysis 
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using FITC conjugated anti -phage antibodies as detecting 
antibody (the peptide NP 50 _ 57 peptide used for conqparison is 
also K k - restricted) . As illustrated in Figure 1, a progres- 
sive enrichment for Ha 255 _ 262 -K k recognizing Fab-phages was 
5 observed after the 2x2 alternating rounds of panning. The 
relative small increase in binding to NP 50 _ 57 pulsed RMA-SK k 
cells (black bars) during panning rounds one to three pro- 
bably reflects an increase in Fab phages binding with low 
affinity binders to common cell epitopes. This population is 
10 effectively removed as a result of the fourth and final 
panning round on beads* 

EXAMPLE la 

Using a similar technology to that described with respect to 
the antibody-Fab fragment (pSAN 13.4.1) described in detail 

15 above, other antibodies (e.g. pSAN KH04) with the same speci- 
ficity of pSAN 13.4.1 but with lower affinities have been 
isolated. Furthermore, antibody Fab- fragments specifically 
recognizing the MHC-K k molecule complexed with the NP 50 _ 57 
peptide (e.g. pSAN KN3 6) have been isolated. This latter 

20 antibody was isolated from an antibody Fab- library generated 
by the described procedure using mice immunized with the K k - 
^50-57 complex as starting material. With respect to the 
latter two antibodies the approach used during the alternat- 
ing panning rounds was slightly different from the one 

25 already described: Instead of alternating between pannings on 
plastic surfaces coated with the selected MHC/peptide complex 
and cells expressing the same complex, the Fab-phage library 
(generated from K K /Ha 255 _ 262 intmunized mice) was panned on 
plastic surface coated with K k /Ha 255 _ 262 complexes in the 

30 presence of competing amounts of Latex beads coated with K k - 
NP 50-57 complexes. Likewise, the Fab-phage library generated 
from K -NP 50 _ 57 immunized mice was panned on plastic coated 
K ~ NP 50-57 complexes in the presence of Latex beads coated 
with K k /Ha 255 _ 257 complexes. It is anticipated that several 

35 versions of alternating panning strategies can be used suc- 
cessfully. Importantly, the applicability and generality of 
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our immunization and alternating panning procedures have been 
demonstrated . 

EXAMPLE 2 



Specificity of clone pSAN 13. 4.1 



5 Individual phages were isolated from the population of phages 
from the final panning round and rescreened for specificity 
using an ELISA based assay. Of 50 clones tested, seven 
reacted specifically with Ha 255 _ 262 -K k complexes (data not 
shown) . Fifteen clones bound to both Ha 255 _ 262 -K k and 
10 NP 50 _ 57 -K k complexes and most likely recognized epitopes 

shared by the two complexes. The remaining 28 clones bound 
neither to Ha 255 _ 262 -K k nor to NP 50 . 57 -K k complexes. The DNA 
sequence corresponding to the CDR3 heavy and light chain 
regions of these seven clones were determined and found to be 
15 identical (data not shown) suggesting that they were all 
derived from one single productive antibody light 
chain/heavy- chain combinatorial event. Soluble Fab molecules 
from one of the clones, pSAN13.4.l, were produced and 
purified (Figure 2A) and the specificity assayed by FACS 
analysis using Latex particles coated with various combi- 
nations of peptide and MHC. The specificity of the Fab mole- 
cule (Fabl3.4.i) had the hallmarks of MHC- restricted T cell 
specificity since reactivity was only seen for complexes 
formed between Ha 255 _ 262 and K k ; neither component could be 
25 recognized alone nor could NP 50 _ 57 -K k complexes be recognized 
(Figure 2B) . Furthermore, the interaction was saturable and 
specific as evidenced by the ability of soluble Ha 255 _ 262 -K k 
complexes, but neither isolated Ha 255 , 262 peptide, isolated K k 
nor NP 50 _ 57 -K k complexes, to compete with bead- coated 
30 Ha 255 . 262 -K k in binding to Fabl3.4.1 (Figure 2C) . Ten to 100 
nM soluble Ha 255 . 262 -K k complexes were needed to inhibit the 
interaction between Fabl3.4.l and Ha 255 . 262 -K k indicating that 
the affinity, K D , of Fabl3.4.1 for Ha 255 _ 262 -K k complexes is 
between 10 and 100 nM. 



20 
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EXAMPLE 2a 

MHC class I K k recognition of the Ha 255-262 epitope 

To determine the specificity of K k a complete set of singly 
amino acid substituted peptide analogs of the K k - restricted, 
5 cytotoxic T cell epitope from Influenza virus Haemagglutinin, 
^255-262 ( FESTGNLI ) was synthesized and examined. For every 
position within this epitope, the parental amino acid was 
replaced one by one with each of the other naturally occur- 
ring amino acids (except cysteine) . These analogs were tested 

10 for K k - binding in a biochemical inhibition assay (25) and the 
effect of each substitution was expressed as -log (IC 50 (ana- 
log) ) (data not shown). Strikingly, the majority of the 
substitutions were more or less accepted by K k . In particu- 
lar, K k appeared indifferent to substitutions in positions 3, 

15 4 and 6 as none of the substitutions at these positions led 
to significant changes in K k binding. Only 14 (or 10%) of the 
144 substitutions led to more than a 100 fold drop in bind- 
ing. These deleterious substitutions were entirely concen- 
trated in positions 2 and 8, which preferred the amino acids 

20 E and I, respectively. The data suggest that position 8 is 
the most critical of the two since 9 substitutions led to a 
more than 10- fold drop in binding compared to only 6 substi- 
tutions at position 2. Less pronounced effects of substitu- 
tions were found for positions 1, 5 and 7 where F appeared to 

25 be preferred in position l, charged amino acids and Y to be 
disfavored in position 5, and F and L to be preferred in 
position 7. 

EXAMPLE 2b 

T cell recognition of the K k -restricted Ha 255 . 262 epitope 

30 To examine the fine specificity of MHC class I restricted T 
cell responses, the stimulatory capacities of each of the 
single amino acid substituted analogs were determined in a 
bioassay using the two Ha 255 _ 262 specific, K k -restricted T 
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cell hybridomas, HK8.3-6F8 and HK8.3-5H3. It should be noted 
that this assay depends on both K k - binding and T cell recog- 
nition. A dose- response analysis was made for each analog and 
used to determine the concentration of analogue needed to 
5 stimulate a response of 100 U/ml IL-2. The most critical pep- 
tide residues were F in position 1 (both hybridomas) , T in 
position 4 (both hybridomas) and N in position 6 (HX8.3-6F8). 
In these positions, the T cell specificities were very strin- 
gent as only the parental amino acids were accepted; any 

10 substitution led to a complete loss of stimulatory activity 
(except for the conservative substitution of T -> S in posi- 
tion 4, which led to a 10 fold loss) . Considerable, but less 
stringent, specificity was observed for position 3 (both 
hybridomas), position 6 (HK8.3-5H3), and position. 7 (£oth 

15 hybridomas) . Only a few substitutions, mostly conservative or 
semi- conservative, were allowed in these positions. A slight- 
ly more promiscuous specificity was observed for position 5 
(both hybridomas) . Finally, the least critical peptide resi- 
dues were the anchor positions for K k : I in position 8 (both 

20 hybridomas) followed by E in position 2 (both hybridomas) . 
Several substitutions were more or less accepted in these 
positions, and many of the substitutions, which led to a loss 
of T cell stimulatory activity, could be accounted for by 
loss in K k binding. 

25 EXAMPLE 2c 

Recognition of the K k Ha 25S _ 262 epitope by the pSAN13..4.1 
antibody 

pSAN 13.4.1 recognizes complexes consisting of Ha 255 . 262 and 
K k in a way that appears reminiscent of a peptide -specific, 
30 MHC- restricted T cell specificity. To further investigate 

this point, the pSAN 13 . 4 . 1 -binding capacity of each of the 
single amino acid substituted analogs was determined in a 
biochemical assay, in which soluble analog-K k complexes were 
used to inhibit the binding of pSAN 13.4.1 to immobilized 
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Ha 252 -262" Kk complexes. The analog-K k complexes were generated 
under peptide -saturating conditions to minimize the influence 
of K k specificity and focus on the specificity of pSAN 
13.4.1. The most critical residue was T in position 4, which 
5 could only be replaced with the conservative substitution, S. 
The second most critical residues were L in position 7 and S 
in position 3, where some substitutions, mostly conservative 
to semi -conservative, were accepted (data not shown) . Less 
critical was F in position 1, which could be replaced by 

10 about 10 substitutions mostly conservative or semi -conserva- 
tive leading to less than a 10 fold loss in binding. In 
contrast, the less critical residues were G in position 5 and 
E in position 2, which could be replaced by 13-14 amino 
acids. Finally, the least critical residue was I in position 

15 8. which could be replaced with any other amino acid (except 
R) - 

Using the same peptide-MHC complexes, the fine specificity of 
two Ha 255 _262~ s P ec i f * c K*- restricted T cells, and of a unique 
antibody, pSAN, specific for the same peptide-MHC complex has 
20 thus been determined. A striking similarity between the 

specificity of the T cells and that of the pSAN antibody was 
found and most of the peptide residues, which could be recog- 
nized by the T cells, could also be recognized by the anti- 
body. 

25 EXAMPLE 3 

Kinetic binding analysis of pSAN 13.4.1 

Using surface plasmon resonance (i.e. detection of changes in 
refractive index on a surface; BIAcore, Pharmacia, Sweden) 
the specificity of fabl3.4.l was confirmed and the kinetics 
30 of the interaction were determined. Purified Fabl3.4.l was 
immobilized onto BIAcore sensor chips and challenged with 
preformed Ha 255-262 -K k or NP 50 _ 57 -K k complexes. Purified 
Fabl3.4.1 was diluted to 20 /ig/ml in 10 mM acetate-buffer, pH 
4.5 and coupled to the dextran surface of BIAcore chips by 
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standard amine coupling chemistry according to the manufac- 
turer (Pharmacia, Sweden) . Preformed complexes of K k and pep- 
tide were made as previously described. In order to determine 
the concentration of formed complexes (i.e. active binding 
5 sites of K k ) , trace amounts of iodinated NP 50 _ 57 with known 
specific activity was added during the formation of complex- 
es. After the separation of unbound peptide on G-25 spun 
columns (Stryhn et al . , 1994), the amount of bound vs. free 
I was determined by gamma counting, and the concentration 

10 of formed complexes calculated. The amount of Fab fragment 

coupled to the chip was kept just below 1000 RU and the flow 
speed was set to 10 /zl/minutes, thereby avoiding interference 
of mass transport limitations with the kinetic calculations. 
All measurements were done in 0.1% Nonidet P-40 and phosphate 

15 buffered saline at 22 °C. 



As shown in Figure 3A, the sensorgrams demonstrate binding of 
Fabl3.4.1 to Ha 255 _ 262 -K k , but not to NP 50 _ 57 -K k . As a control, 
the K k specific monoclonal antibody, H100-27R55 (supplied by 
Dr. G. Hlmmerling) , was immobilized onto BIAcore sensor chips 

20 and challenged with same preparations of peptide-K k . Figure 
3B illustrates that H100-27R55 bound both peptide- K k com- 
plexes equally well confirming that equal amounts of func- 
tional K k protein were available to the chips. The slope of 
the initial binding phase depended on the concentration of 

25 Ha 255 . 262 -K k (Figure 3C) allowing us to calculate the asso- 
ciation rate constant, k a , to be lxlO 4 M'^-s" 1 . 

The sensorgrams of figure 3C revealed two experimental pro- 
blems: (i) a blank injection showed an increase in signal of 
about 19 RU and a nearly linear decrease to about 3 RU at the 

30 end of the association time, (ii) the base line declined 

about 1 RU/minute during the course of the experiments, indi- 
cating a slow loss of immobilized ligand. Both these experi- 
mental deviations were interpolated into straight lines and 
used to correct the association phases and the entire sensor - 

35 grams, respectively. These corrections and the following cal- 
culation were done using mathematical models developed by Ron 
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Shymko, Hagedorn Research Laboratories, Gentofte, Denmark. 
Twenty- one data point from each sensorgram were used for the 
mathematical analysis of both the dissociation and the asso- 
ciation. First the dissociation phases were fitted by a 
5 double exponential model. The calculated k d values were in 
the range of 7.3xl0" 4 s" 1 to 3.2xl0~ 4 s" 1 . Using these values 
and keeping the total number of binding sites constant, the 
entire sensorgrams were fitted using a two- site model. This 
gave k a values for the high association component in the 

10 range of 1.2xl0 4 M^s" 1 to 0.6xl0 4 M^s" 1 and the resulting K D 
values were very similar: 53, 56 , 60 and 51 nM. Parameters 
for the low affinity component could not be interpreted. How- 
ever, the contribution of this component to the sensorgram 
data was small, varying from 3 - 18% of the total signal at 

15 the end of the association. 



Removal of unbound ligand initiated a dissociation phase 
which could be used to determine the dissociation rate con- 
stant, k d , as 5.6xl0" 4 s' 1 (corresponding to a T 1/2 of about 
21 minutes) . The equilibrium dissociation constant, K D , cal- 

20 culated as k d divided with k a was found to be about 56 nM, a 
value, which correlates well with the inhibition range ob- 
served in Figure 2C. Using BlAcore analysis, the kinetics and 
affinity of two different T cell receptors were recently pub- 
lished (Corr et al . , 1994; Matsui et al . , 1995). Association 

25 rate constants, k a , of 10 3 and 10 5 M^s" 1 and dissociation 
rate constants, k d , of 0.06 and 0.2 s' 1 (corresponding to a 
T 1/2 of 12 to 27 s) were reported leading to the calculation 
of overall equilibrium dissociation constants, K D , of 10" 5 to 
10" 7 M. By comparison, antibodies generally associate with 

30 about the same rate as T cell receptors, whereas they tend to 
dissociate orders of magnitude slower (Pellequer et al . , 
1993). Typically the overall affinity of antibodies are from 
10~ 7 to 10" 10 M. The affinity and kinetics of the Fabl3.4.l 
are, despite its T cell like specificity, typical of an anti- 

35 body. 
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Specific i nhib ition of antigen- specif ic MHC- restricted T-cell 
responses 

Given the specificity and affinity of Fabl3.4.1 it was ex- 
5 pected to inhibit Ha 255 _ 262 - specific, K k - restricted T cell 

hybridomas, but not K k restricted T cell hybridomas of diffe- 
rent peptide specificity. Indeed, Fabl3.4.l could inhibit two 
Ha 255-262" s P ecif ic * K k - restricted T cell hybridomas, HK8.3-5H3 
and HK8.3-6F8 (Figure 4), whereas no effect was observed on 

10 two NP 50 _ 57 - specific, K k - restricted, T cell hybridomas, 

HK9.5-24 and HK9 .5-162 (Insert, Figure 4). Hence, Fabl3 .4 .1 
recognizes a Ha 255 _ 262 -K k dependent epitope which is spatially 
or allosterically related to the epitope recognized by the T 
cell hybridomas HK8.3-5H3 and HK8.3-6F8. The concentration of 

15 Fabl3.4.1 needed to obtain inhibition of the two Ha 255 „ 262 - 
specific, K k - restricted T cell hybridomas was as expected 
close to the K D measured by the BIAcore analysis. 

EXAMPLE 5 

Use of antigen-specific MHC -res trie ted antibodies for tar- 
20 geting 

Intriguingly, these antibodies could mimick the function of 
killer T cells by directing toxins to cells harbouring intra- 
cellular targets such as virus or mutated oncogenes (tumour 
cells) thereby eradicating those cells. These antibodies can 
25 be raised in experimental animals and subsequently "huma- 
nized", transferred to any isotype construct and be produced 
recombinant in large amounts; and they might be easier to 
administrate and control than T cells currently in use for 
adoptive immunotherapy . 
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CLAIMS 

1. A method of producing an antibody or an antibody fragment 
specifically recognizing a peptide-MHC complex, the method 
comprising 

5 (a) producing a phage library expressing nucleic acids encod- 
ing an antibody or antibody fragment 

(b) selecting a phage expressing an antibody or an antibody 
fragment specifically recognizing a peptide-MHC complex, and 

(c) introducing the nucleic acids encoding said antibody or 
10 antibody fragment of said phage into an appropriate cell so 

as to produce an antibody or an antibody fragment specifi- 
cally recognizing said peptide-MHC complex. 

2. A method of producing an antibody or an antibody fragment 
specifically recognizing a peptide-MHC complex, the method 

15 comprising 

(a) isolating RNA from an animal which has been immunized 
with a peptide-MHC complex, 

(b) amplifying nucleic acids encoding an antibody or antibody 
fragment and producing a phage library expressing said 

20 nucleic acids 

(c) selecting a phage expressing an antibody or an antibody 
fragment specifically recognizing the peptide-MHC complex, 
and 

(d) introducing the nucleic acids encoding said antibody or 
25 antibody fragment of said phage into an appropriate cell so 

as to produce an antibody or an antibody fragment specifi- 
cally recognizing said peptide-MHC complex. 
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3. A method according to claim l or 2, wherein the selection 
of a phage expressing said antibody or antibody fragment 
specifically recognizing the peptide -MHC complex is performed 
by incubating cells expressing the peptide-MHC complex with 

5 the phage library. 

4. A method according to claim 1 or 2, wherein the selection 
of a phage expressing said antibody or antibody fragment 
specifically recognizing the peptide-MHC complex is performed 
by incubating the phage library with beads to which the 

10 peptide-MHC complex is bound. 

5. A method according to claim 3 and 4, wherein the selection 
of a phage expressing said antibody or antibody fragment 
specifically recognizing the peptide-MHC complex is performed 
by panning a library of phages expressing antibody or anti- 

15 body fragments on alternating matrixes bearing the peptide- 
MHC complex as the common denominator. 

6. A method according to claim 5, wherein the alternating 
matrixes are cells expressing the peptide-MHC complex and 
beads to which the peptide-MHC complex is bound. 

20 7. A method according to any of claims 1-6 wherein purified 
MHC molecules that have been enriched for one particular 
peptide is used. 

8. An antibody or antibody fragment specifically recognizing 
a peptide-MHC complex prepared by the method of any of claims 

25 1-7. 

9. A non- glycosylated antibody or antibody fragment specifi- 
cally recognizing a peptide-MHC complex. 

10. An antibody or antibody fragment according to claim 8 or 
9 conjugated to a pharmaceutical wherein the pharmaceutical 

3 0 is selected from the group consisting of antibiotic, 
cytotoxic and antineoplastic agents, 
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11. An antibody or antibody fragment according to claim 8 or 
9, wherein the antibody or antibody fragment is conjugated to 
a superantigen, which is capable of activating T lymphocytes, 
or conjugated to a polymerized carbohydrate, which is capable 

5 of activating complement . 

12. A diagnostic composition for the detection of the pre- 
sence of a peptide -MHC complex which comprises an antibody or 
antibody fragment according to claim 8 or 9 . 

13. A method of in vitro determining the presence of a 

10 peptide-MHC complex in an individual, comprising contacting a 
cell or tissue sample from said individual with a diagnostic 
composition according to claim 12 and determining whether the 
fragment of antibody or antibody according to claim 8 or 9 
binds to a peptide-MHC complex in the cell or tissue sample. 

15 14. A pharmaceutical composition for blocking an inappro- 
priate T cell response comprising a fragment of antibody or 
antibody according to any of claims 8-11 and a pharmaceuti- 
cally acceptable excipient. 

15. A pharmaceutical composition for combatting 
20 intracellularly located pathogens selected from the group 

consisting of viruses, bacteria and parasites, said composi- 
tion comprising an antibody or antibody fragment according to 
any of claims 8-11 and a pharmaceutically acceptable 
excipient . 

25 16. Use of a pharmaceutical composition according to any of 
claims 14-16 for the prevention or treatment of a disease 
selected from the group consisting of HLA class I associated 
diseases (ankylosing spondylitis, Reiter disease, psoriatic 
spondylitis, idiopathic hemochromatosis, psoriasis vulgaris 

3 0 and Behcet disease) and HLA class II associated diseases 
(rheumatoid arthritis, pauciarticular juvenile rheumatoid 
arthritis, systemic lupus erythematosus, Sjogren disease, 
IDDM, Addison disease, Graves disease, Hashimoto disease, 
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celiac disease, primary biliary cirrhosis, pemphigus vulga- 
ris, epidermolysis bullosa acquisita, Hodgkin disease, cervi- 
cal squamous cell carcinoma, multiple sclerosis, optic neu- 
ritis, narcolepsi, myasthenia gravis, Goodpasture syndrome 
5 and alopecia areata) . 

17. Use of a pharmaceutical composition according to any of 
claims 14-16 for combatting intracellularly located pathogens 
selected from the group consisting of viruses, bacteria and 
parasites by directing complement lysis. 
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